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1g the Bronze Age 


organizational changes had taken p 





Substantiating earlier crucible finds, refractory crucible fragments, possibly 


from smelting activities at the surface, suggest that initial smeltis 





occurred near the mine as well as on Gbltepe hill, It is possible that the 


cctucibles at Kestel were used to assay the ore for tin content in order to 





make strategic decisions durin 
Again at the surface, anc 
working area, A large stone mortar was found in situ with a central hollow 


shaped like a big foot. This was presumably used to crush and grind the 





trench (T26) invest 





ated the lower open: 





ore to render it to a powdery consistency for ultimate smelting purposes. 


entrance of Kestel Mine 1 where an 








Trench T27 was placed at the origins 
ore processing station was located. This work station demonstrated how 
10 wash the ore 





in and quartz by gravily 





cleverly the angle of the slope may 





downslope and separate the tin from the i 
Ceramics found during the excavation of this trench d 
mporaneity of the workings to Kestel Mine 1 
din the broad shallow valley east of the 
intrance (II to V). Agricultural use has 
in the 





monstrated 





ind Goltepe. 





More open workings are loc 


hill and south of the Mine 2 ¢ 
though the 











rking faces are evid 





modified the waste heaps, 
small western escarpment. Substantial open-work sites are found in the 
ast (VI), north (VII), and west (VII to XI), upslope as well, 
Characteristically sub-circular in shape with a working face uphill, a 
down-side. In the hollow, depr 

e seen. Some workings 














erescentic dump is evident on 





center, a “working area” of broken stone ca 
appear to have been cut down to bedrock under alluvial waste, while others 
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Were cut into the marble for a few meters depth. Some cut through older 
gs where they were shallow, especially through the 
small-scale workings northwest of Mine 1 (which may suggest 
contemporaneity with the large-scale underground workings which do the 

areas on the northwest are in an as-yet 
ite, pethaps following a fault 








same). The large extracti 





undetermined strata, probably mainly qua 
structure for ore 





The total volume of open-work type extraction cavities is still in a 
preliminary estimation stage. Extraction figures for individual open-work 
from around 1000 tons to at least 





sites, neglecting very small ones, ran; 
15,000 tons. Technically a 





ich lower 





grade ore was extracted from the 








‘open working on the surface than from the underground workings, though 





once enriched deposits were reached, the yields could be high. Perhaps ten 
times as much ore was excavated at surface quarries than underground and 





if, as estimated, the ore yielde 





10% as high as the galleries, a further 100 
tons could be added to the total. Tentatively, total production estimates by 
the U.K. mining histor 
whole Kestel site of around 200 tons of tin produced over perhaps a 
thousand years. Working such a low 
the effort since tin still was a very rare and expensive commodity in the 
Barly Bronze Age. Recovery 0 
hematite for pigment is also likely 





uchaeologists suggest a minimum yield for the 





de tin site was obviously worth 








very small amounts of gold and use of 


The sequence of ore production thus began at Kestel mine and openwork 
mininj at 
with fins 


is mainly at Kestel 
ting mainly at Géltepe, The termination of 
ind the production site at the end of the third millenniu 


areas on the slope. Preliminary ore tre 








processin, 





B.C, su 
arrival in the regional market 








sis the discovery elsewhere of better-grade deposits and the 








competing, cheaper supplies possibly 
brought in by the Assyrian traders. It is also 
marked by dra 





ssible that the final stages 
of working wer 





natic climatic events which disrupted trade, 
‘a matter of much debate lately 





Intensive Surface Survey at Goltepe 


While invest 





ions at Kestel mine were continuing, a decision was made 


to intensively survey Goltepe, the hillside immediately opposite the mine. 


This decision was ba 





on a reconnaissance on the site in 1988, which ha 
yielded the elusive third millennium B.C. sherds—much searched for but 
not found in the earlier stages of the regional study. The immediate aim of 





the surface survey at neighboring Goltepe (G13) was to provide information 
about the lateral spread and density distributions of material evident on the 
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surface, Detailed examination of the morphology of the site showed that 
cultural strata was situated ¢, battleship-shaped, natural hill with 
deposition throughout the entire extent of its surface (ca, 60 ha). 





Determining the horizontal extent of the site was an important goal since a 
size of 60 hectares is an anomaly in such an agriculturally unfavorable 





avironment. The other aim was horizontally exposing as much of an 
as possible to obtain settlement layout and densities, differential quarters 
1d to understand the use of space and distributions 








with special functions, a 
of artifacts. 
The natural hill on whit 








Giltepe is located is geomorphologically 


id is mostly a softer shale and 





distinct from the Kestel tin mine slope 
greywacke, West of both sites is a third geological subdivision, of 
abbro, the source of the ore-dressing stones. In the immediate 
m flows from the Nigde Massif to the 





dinbase 
avirons of the site, the Kurucay stre 
north and spills into the Ecemig River to the south, Natural springs and 








agricultural plots surround Goltepe on all sides, while pockets of well: 
y richer lands exist 4 km to the southeast near the 
iBde and Ko 


icultura 





watered, ag 
Ecemig River and over the Massif in the vast Ni ya plains. 
The survey encompassed a | km? area and differed from the Kestel slope 








survey in terms of time spent and method, In addition to its location and 
the third 





lennium B.C. time span represented by surface finds, the 





‘unique morphology of Giltepe was a factor contributing to the selection of 
que morp 8 
ack of heavy 





the site for survey. Its distinction was its large size, the 





overburden, and the extraordinary richness of ore-dressing equipment on its 
surface, The concre 





e Turkish government mapping elevation post at 1767 
im altitude was used as the datum point, A (Fig. 17). Circles were mapped 
at intervals of 50 meters in the four directions north, south, east, and west 


from points A to 0. A total of 7 large (625 m*, radius of 14.1 m) and 








small (100 m?, radius of 5 its were generated in. 
this manner, At first all the circles 


ulius of 14,10 m with an area total 


5m) circular sampl 





ere measured so that each would have 





a g 625 m?, or the area of one triangle 








in a grid at Kestel. ‘This was c and distributions of 


he Kestel survey. After 18 circles had been 








finds could be compared tc 








sampled, material and time constraints forced a reduction of the sample size 
to circles with a radius of 5.45 m radius (100 m?). The furthest extent of 
collection to the south was 700 m from datum A. The gentle, undulating 
spurs at the northern end of Goltepe were covered by eight transect lines 
ng at 15° between the east and west axes. Nine axes radiating out 





diverg 
from the datum point were thus created, each sample circle numbered 





consecutively downslope. 
The results of the surface survey showed that the summit was badly 
denuded and outcrops of the flysch/greywacke bedrock at a 20° ubiquitous 
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dip to the south could be s 
ceases these outcroppings could be correlated with gr 
ted faster deflation, or stone quarrying by local 
ers, With this evidence in mind, subsequent selection of excavation 
in 1990 avoided these bedrock outcrops as much as possible in the 
search for depth of deposit, only to realize that the bedrock had been 
intentionally trenched in antiquity. Subterranean structural units had been 





1n scattered throughout the hilltop. In most 


er densities of 


























Wo the underlying basal clays u 
the cultural deposition consisted of the accumulation of stra 


ing the outcroppings as walls, that is, 
all cut into 








lerlying geologic sediments. 

‘The entire slope had been plowed up until recent times, and 
approximately 100 m below the summit on the west slope and 100 m to 
the south, the remains of the latest phase of the 3rd millennium B.C, 
a 10-25 cm plowzone. What were at 

















‘occupation lay immediately be 
first thought to be Byzantine sherds in 1987 and 1988 were later recognized 
as Barly Bronze Age ceramics with eroded surfaces and large, coarse, straw 
h a vitrified accretion (Fig. 12; D, H). 
land and special function assemblages without 





and-grit-tempered crucibles wit 
Recognition of th 





local stratified sequences hampered the publication of this pottery. ‘The 
and Tarsus on the Mediterranean coast 60 





closest relevant sites are Me 
km to the south. Once recognized, no pottery of later periods was 





identified on the surface during the survey, and thus no heavy overlay of 


later material would hinder the aim of reaching the Early Bronze Age 





levels, 

The link between Kestel mine and Goltepe is demonstrated by their 
contemporaneity on the basis of pottery and radiocarbon dates, as well as 
ind ore-dressing equipment. The particular 
te the 


the presence of similar ore 





requirement that ore from tin lodes has to be crushed to libe 
cassiterite before it can be dressed to usable grade makes it possible that 
s of dressing Kestel ore after it had been 








Goltepe undertook the final st 
rough crushed and hand sorted at the mines. This is also indicated by the 








relative proportions of heavier pounders found at Kestel slope on survey 
(77%) as opposed to larger proportions of grinding stones (91%) at Géllepe 
(Hard and Yener 1991). At Kestel, ore would have been broken down 
using the edges and ends of the stone tools, as indicated by the battering, 





Further reduction into small pieces and minimal grinding at Kestel is 
indicated by the presence of bucking stones, o tools with hollows and 





surfaces. These two stages would occur when the high-grade 
we would be discarded. Afier the ore was 


ave been transported to Galtepe for 


some grindi 








ore was selected, while th 
crushed and sorted at Kestel, it wo 
further crushing and grinding before bei 
llurgy such as fuel and ores with additional 





smelted in the crucibles, The 





major components of m 












KESTEL MINE AND GOLTEPE 101 








evident. 





complementaries of groundstones are Final dressing to a 
concentrate form could well have been a function at Goltepe as water from 
the streams would have been available during the rainy season. 





Sm 





¢ Workshops, and Habitation 







Goltepe, T 











‘The archaeological program aimed to recover information pertinent to the 
sand the factors that constitute the 






























techniques of manufacturing 
formation of specialization in a metalliferous zone. By tr 


or workshop patterns 





ing community 





ough an examination of intemal variability and 


their changes over a relatively short span of time we sought fo discover the 





organizational strategies behind this industry in what appears to be a 
combined workshop-habitation site, To this end, a total of 1550 m? was 
id at Goltepe in 1990, 1991, and 1993 (Fig. 18), whi 
etic resistivity, which indicated anomalies where 














were tested through magi 
subsurface features existed. In tande 
thirty-six stratigraphic profile trenches were executed in a radial 


site to determine the extent and nature of the site 








this, 1 x 1 m test pits 





configuration around t 
The results of these procedures established thatthe site was surrounded by a 
alled in at the 








circuit wall. ‘The area of densest population, which » 





nural settlement 





asured 5 hectares; less dense, scattered extra 
te and it is possible 


summit, 








extended to 10 hectares. This is a conservative est 


een the site 





that still more pithouse structures existed be the mining 
¢, do not include the Kestel mine with 





complex. These estimates, of co 
its 1 kilometer slope area of processing installations, on which evidence of 
temporary pottery were also found. Thus, linked 
estimate of the total 


habitation and co 








together as an integrated man-mine system, a 
activity zone is probably 60 hectares. The data reported here provides a 
closer look at the chronological relationship between operations in the 


4 industry 





mine, at the slope workshop units, and a relate Goltepe. 





The dating of Géltepe relies upon the stratigraphy of the finds as well 
as on a series of radiocarbon dates (Table 4), It is important to point out 


at Géltepe is similar to the 











that the Early Bi 
finds at Kestel and parallels known sequences at Tarsus, Mersin, and 
Kiltepe, which have comparable chronological spans. ‘The main tradition 
at Géltepe is a dark bumished ware, which may be a somewhat more 
(Aksoy 1998 


1¢ Age ceramic assen 





refined continuation of similar Chalcolithic ware typ 
Aksoy and Dupres in prep). Red, brown, 
vessels are tempered with fine grit and some chaff and are relatively evenly 
fired, ‘The closest parallels for this pottery come from Early Bronze I and II 
Tarsus for the plain black burnished (Goldman 1956: 100-101, Fig. 239: 
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nos 73, 74, Fig. 349: 310) and red burnished types (Goldman 1956: 96, 
Fig. 241: 92-96), 

second major tradition is a micaceous ware group made with grit 
nper in colors varying from buff to orange. Fine wares include Anatolian 
12: C, G), and fine slipped wares. The 





t 
clinky metallic ware (Fig 
Anatolian metallic wares are made with well-levigated clay, with the buff 
nted with purplish, brown bands and dripping lines. 








surfaces usually p 
Quite often there 

cups or small jars (Goldman 1956: Fig. 247, called 
ware). It is extremely even and hard fired, giving a metallic, clinky ring 
Distributed widely in the Nigde and Konya regions, as well as the central 





we incised marks on the handles, often on one-handled 
ght clay miniature lug 














Taurus range, this pottery was first recovered on survey (Mellaart 1954: 
191-194, 209, Seton-Williams 1954). Examples have been excavated at the 
ikaya Palace soundings at Acemhdyitk from levels X-VIII (Ozten 1989) 
d these have been compared to ones dated to Early Bronze Il and III at 
Kaltepe (T. Ozgig 1986; 38-39: Figs. 3-21) and at Karahdyik level VIL 
(Alp 1968: 304, taf. 10/19), Mellink (1989: 322) describes this pottery as 
an import to Tarsus from the Taurus mountains and adjoining plate: 

















wand 
suggests connections with the metal sources since some examples were 
found in the silver mining district of “Bulgar Maden” [now Bolkardaj} 
(Goldman 1956: 107). 

The less common types include fine slipped ware which is well 


levigated and tempered with fine grit and usually red slipped or painted. 





Some sherds of plain simple ware and Syrian metallic ware (bottle 
fragments) were also found, again linking this assemblage to Cilician, 
Amuq, and north Syrian late-third millennium assemblages (KUhne 1976: 





64-65). Orange gritty wares, often large-sized storage vessels, have the 
Anatolian clinky metallic wares, but 





same hard-fired characteristics of 
the grit and lime particles are usually medium and large sized. The coarse 
ware group includes cooking wares and baking trays, which are tempered 
with medium. to large-sized grits and some chaff. The predominant vessel 
forms are open mouth, shallow bowls, deep bowls, bowls with thickened 
‘measuring” cups. Closed shapes 
beak-spouted pitchers, jugs with a neck flaring from the should 
jugs with a neck flaring from the rim, and jugs with a straight neck, 
Cooking pots, all hole-mouth shapes, are of the dark burnished tradition, 
mostly buff, tan, and dark in color. 

The site was divided into four 








rims, baking trays, and one-handled 




















sectors, reflecting either different 
ied depths, or differential morphologies, 





‘erosional patterns, and thus variega 
and thus separate quarters, The sectors included: 1) Area A, the gradual 
ind summit; 2) Area B, the sharp drop 








step-like slope of the southem slope -a 
‘on the westem slope; 3), Areas C and D, the gentler descent on the eastern 
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slope; and 4) Area E, the lower westes ¢ Stream at the foot 
of the hill (Fig. 19). Not surprisingly, a pre 
lurgical debris inside pithouse struct 
function settlement with a profound association with intensive ore 
snunity patterns, zonal urban quarters, 
za dicated, not only by 


terraces near 


iminary spatial distribution of 





ealed a special 





es at Goltepe rev 








and smelting. Larger co 





processin, 











and other aspects of intra-si 


but also by differences in architectural units in 


the morphology of Gol 
trenches A23, A24, A06, A02, A3, A22, A15 (domestic 
the split-level BOS/BO6 (public), and E69 (special 
further supported by find contexts: concentrations of crucible fr 
molds (Fig. 20), dressin n Areas A and B, the large scale 
mortars and workshop stalls in A1S, A23, and AQ2, and the pithos storage 
jars and domestic utensils in E63, D67, and AO6, 

facilities, and workshops, and 





nd 
d). This variation is 


cialized), 








stones, and ores i 











Organization of domestic areas, stora 
the quantities and variety of goods within these areas will ultimately 





provide comparative data 
of function within the structures, only a small subset 


1 the final publication. For the purposes of 





delineating difference 


of the excavated units are presented in this chapter. Two neighborhoods of 





subterranean and semi-subte 
functioned as combined workshop and habitation units in Area A and Area 
B are tak 
cut into the underlyi 





ranean pithouse structures which may have 





s case studies. ‘The units are ovoid pithouses which have been 
greywacke bedrock with smaller subsidiary bell: 


Smaller houses measure 4-6 meters 











shaped pits in association with them 
in diameter. Larger units measure 9 x7 meters and are terraced off the west 
slope, Area B, much like the layout of the neighboring mountain side 
village, Celaller, The superstructure of these units is wattle and daub and 
the great numbers of branch impressions on mud and vitrified structural 











daub substantiate this. These impressions may enable us to reconstruct the 
shape or pitch of the roof. The units were plastered repeatedly and up to 25 
ied. Most of the pithouse structures have a 








layers of plaster could be iden 
ay and roof fall lying immediately above 
of 


considerable quantity of vitrified cl 

the floors, which seals a number of contexts and provides evidi 

burning. 
Interesting 








y, there is a lack of any clearly definable furnaces. Instead, 
med hearths were built into the walls and lined with 








small semi-circular do 
‘and several examples of moveable braziers were found. Unique also 
lly decorated clay panels, which may have 
tuctures or provided decorative 





ate what appear to be geometri 





thouse 





adorned the interior spaces of the 
borders for doors, bins, an 
middens situated on 1 








E is metallurgically relevant 
southwest slope, A midden 
variety (20-50 cm) 





hearths. Area 








because of the La 
containing thousands of crucible fragments of the 
and a great amount of powdered ore was unearthed and 30 kilos of this were 
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taken as samples for analysis. A great many refuse pits yielded debris of a 
typical metallurgical nature. In a bell-shaped pit underlying the midder 
crucibles with smaller diameters were found, suggesting that the size of 
crucibles may have increased over time 








Architecturally unlike any other prehistoric site in Turkey, the nature of 
the construction techniques of these subterranean houses 
continuity of building by carving out 
taking advan 


demonstrates the 








ad shaping the local landscape, 
ge of the natural volcanic topography of the area, a building 
type that is characteristic of the Cappadocian early Christian churches, 
‘monasteries, and settlements best typified at Urgup, Goreme, and Kaymakli 
immediately to the north in Nevgehir. Some parallels for subterranean 
structures of this nature were found in earlier periods in neighboring areas 














such as the Chalcolithic examples in Cyprus and the Beersheva culture in 
Israel and the late third millennium levels of Arslantepe at Malatya 
(Frangipane 1992: 184). Given the nature of the intermontane clin 





cold 
and windy at times even in the summer, the subterranean units at Giltepe 





should perhaps be associated with dwellings suitable for inhospitable 


‘mountainous areas and environmentally determined. 


Area A and Area B Pithouse Structures 





The finds fro 





Goltepe pithouse 





tures in Areas A and B exhibit a great 
diversity of metallurgical activities re 





ated to tin production, Of special 






ical residues, such as lumps of hematite 
ig, and 
artifacts. Close to 120 kg of ground and chunks of ore were recorded 
and large amounts were taken as samples from various loci. A sampling 





des and colors of ground ore and sla 











procedure was designed to include 





I types of primary ore and processing 
debris materials, as well as crucible fragments, which now total a metric 








pucture 
the circuit wall in Areas B and E. Pulverized 
istency, containing from 0.3-1 





The find places of crucibles varied fro 
in Areas A-D to dumps al 


multicelled pithouse s 













of a fine powdery cor % tin, was 





discovered 





in measuring cups in sealed deposits on the floors of Area A 
structures, Other indications of ore processing and metal 


production came from the more interestin, 








pithou: 
-quipment such as 
hing 26.3 kg and 6.5 kg) which were used for 
is (Kaptan 1990b: 29: 
no. 11), grinding stones with multiple flat facets (Kaptan 1990b: 29L; no. 
12) (Fig. 3: A, F, G), polishing stones (Fig. 3: C), and large groundstone 
axes weighing 2.9 kg (Kaptan 1990: 30; no. 16) (Fig. 12: M), as well as 
bucking stones with multiple hollows (Kaptan 1990b: Figs. 13-15) also 
indicate an importa 








larg ar and pestles (w 


crushing the ore (Kaptan 1990b: 28: no, 10), Qu 

















ft commitment to industry. A number of sandstone 






















KESTEL MINE AND GOLTEPE 


molds with bar-shaped beds carved on several surfaces sugg 
metal was being produced and poured into ingot form before being 
transshipped to locations for bronze Multifaceted molds such as 
these are typical of the late third-early second millennium B.C. in a number 
of sites in Anatolia (Goldman 1956: 304, Braidwood and Braidwood 1960: 
Fig. 350: 1). Since the necropolis of the site has not been located, the only 














metals found were small scale pins, awls, rings, and other fragments. 
Analyzed with AAS by Ozbal, all contained between 4.75-12.3% tin, 


nearthed at the site (Table 








demonstrating the he metal 






tin content of 





5). Interestingly elevated levels of gold were also observed, suggesting the 
possibility that Kestel was the source of the tin used, since gold is a 
component of this deposit as wel 


Only a small portion of the household data is presented here since a 





umber of dissertations and research projects are in progress. This will 





provide a preliminary mode! from which to infer the relationships between 


particular pithouses and/or neighborhoods vis-a-vis the intensity of 


metallurgical versus domestic ac 





es. In any case, an important 





prei 
the establishment of reliable information about floor assemblages an« 
on. What se ntration of pitho 
structures related to a possible work 
southern end of the summit, Area A. Th 





equisite for making comparisons with other me 





tal production areas is 





ms to be a cone 





production organiz 





ation sector was exposed in the 





se nine pithouse structures appear 





to have been used for both habitation ‘e workshop features 








could be inferred from the contents. Sub-re 





angular in shape, the pithouse 


al area of 6m? In 





units Were cut into the bedrock with an approxi 





some instances a dry laid stone wall served to buttress the crumbling 


bedrock. ‘Three pithouse structures, Pithouses 6,22 and 15, were of special 





interest since they appeared to contain workshop 





storage areas, and 





domestic quarters and were perhaps pa 
21). 
Pithouse 6 is roughly oval in 


of a multiroomed complex (F 








ape and mi 
m in area and perhaps only 80 centimeters below grout 





sures approximately 2 x 2.8 





level at its deepest 
point. A vast quantity of mud daub chunks, many preserving the 
fered, providing further support to 





impressions of wooden poles, were re 


the belief that these structures possessed wattle and daub superst 








Although no post holes 
the side of the 


observed, some pithouses had a flagstone 





the center or alc sting that wooden post 


would have been placed on these as a column base. In the northeastern 








corner of the structure there wa a cache of 9 
groundstone tools. Collapsed over this pit was a large, clay panel with 
side (Plate 8). Conspicuous by its 


The burn 





4 shallow pit that containg 





netric relief decorations on 








absence was a he 





1g and consequent collapse of 














substantial floor assemblage including numerous 


ment of a crucible, complete ceramic vessels 





¢ pithos and an Anatolian metallic ware pitcher), several 


large, baked-clay blocks of an unknown fu 





tion, and perhaps most 
1g approximately 9 kilos of 
ound ore material (Plate 9). Other metallur 





interesting, a vessel with a flaring rim co 


ical materials included 








oundstone ore crus! 





rs, mortars, bucking stones, and kilos of ground ore 
d chunks of ore. Thes joo! kit of an individual 











or group of individuals engaged in the final preparation of the cassiterite ore 
prior to smelting. Most of the floor artifacts were recovered from the edges 


of the structure, including the nine groundstone tools found in Pit 





nter of tl 





leaving a small area in th ucture that may have served as a 
work area 

Pithouse 15 (Fig. 21), located adjacent to Pithouse 6, was perhaps part 
of a split-level multiroomed complex. ‘The floor is approximately 1.5 m 


below the edge of the cut bedrock. It was also clearly destroyed by fire 





a considerable floor assemblage. The structure itself is in the sha 





of an elongated oval, measuring approximately 3.5 x 2m. Two post holes 





were observed interior to the southern margin of the structure, Excavations 


within this structure also provided ample evidence of the nature of the 





ucture in the form of numerous pieces of structural daub, as well as 





several panel-like chunks of daub which may have been part of the roof 
Well-preserved pole impressions were observed on these panels, including 


impressions of the material used to str 





ater 





p the poles together, leading us to 






Je that the roof in this case was f 





e floor assemblage reflects a tool kit associated with the final 


of Kestel tin-rich 
(including bucking stones, hand-held grinding stones, 








processin; . In addition to several groundstone tools 


and a part of a slab 








ar), a complete conical crucible was recovered near the center of the 





room (Plate 10). The crucible was found lying on its side, with several flat 


Several more flat pieces 





pieces of sandstone partially covering its openi 


of sandstone were found resting on the floor below the crucible. The large, 





conical crucible had not yet been used in smelting since the ubiquitous gray 
tin-rich layer was not observed on its inter 
‘were found in situ. A h 


r surface, although stone covers 
lobules of vitrified material 








ed 
adhering to the inside surface of the stone covers. This supports the 
hypothesis that the flat stones were placed over the mouth of the crucible as 


lens reve: 











a means of retaining heat durin 
this vessel was used to roast the ore or that the roof collapse occurred prior 
to the final smelting of the ground ore, No hearth or furnace was found in 
4 portable oven or brazier was recovered 


the smelting process. It is possible that 








this pithouse structure. Howe 





resting on the floor near the center of the structure. 
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Structures built on the sharply sloping western slope in Area B (Fig. 
22) presented evidence of different archit and greater depth of 





ture 





archaeological deposit, Larger structures were found on this side of the 
site, ‘The largest, approximately 24 m2, had a wall on the west side but 
‘was cut into the bedrock on the north and south sides. No wall was found 
‘on the western, downslope side, and thus the method of roofing and the 
act size of the unit is still unknown. A marked difference was observed 
ad been cut into 








in the carving of the basal clay bedrock, Three terraces 
the bedrock on the slope for leveling and structures were constructed into 
hed up to four meters and walls 











each of the terraces. One terrace was tre 





ected in front and parallel to these cuts in a substantial slope 


structure (House BOS and B06). This mode of construction is still in 





evidence in C 






ler village, which gives the appearance of extensive slope 
trenching to 
front entrance of the house abov 


Structure BOS contained a pl 


mplace houses similar to a staircase, each roof serving as the 





1d feature with thr 
sed clay blocks with g 


designs and was found in the north side of the room. Two pots were dug 








compar 





Which was built with small stones and -omettic 


into the floor which was strewn with layers 





ground ore, ‘These ore 





deposits were layered with alternating dark and light ground powder and 





may have resulted from the alternating heavy/light fraction of a Vanning 


procedure, Ten kilos of ground ore were taken for analysis. Groundstone 





tools and ceramics were found on the floor and in the fill above the floor, 
Another ro 


was located 1m below BOS to the sout 





n downstairs 0 aps separate independent structure (B06) 





a perhs 








naking this a possible second 
example of the split-level architectural style mentioned in conjunction with 
ically decorated hearth slightly off 








Area A pithou: 
center and a pyrotechnological feature in the northeast comer were found in 
the floor of this structure included groundstone 


s above. A g 


situ (Plate 11), Finds fro 
mortars, grinders with ore still on the underside of stones, kilos of 
powdered ore, crucible fr hing 170 g, and a 
silver, coiled-torque necklace (Fig. 23) made of an unusual alloy containing 
tin, copper, and zinc in high levels (Yener, Jett, and Adriaens 1995: 72). 
Ringing the subterranean workshop/habitation dwellings on the summit 
\was a well-built north-south, perhaps circuit, wa 
nd a height of over a me 





gmenis, a lead i 

















‘on the west slope, which 









was preserved in some places to ten courses 
The plan of the circuit wall resembles the zig-zag patter of Early Bronze II 
man 1956: Plan 6). Constructed of large. 





fortifications at Tarsus (Gol 
irregularly shaped stones, parts of the wall were built with reused saddle 





10 AAS analyses by Ozbsl determined 91.2% Ag. 2.18% Cu, 1.16% Zn, 1.11% Sa, 
041% Fe, 0.25% Sb, 0.18% Bi, 0.026 Ni and 0.01% Pb. This rather high tin content in a 
silver necklace poinis to the availability of o 








tise 
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quems and large groundstone mortars with hollowed surfaces, Since the 
western slope did indeed yield the remains of a more substantial public 


building complex surrounded by domestic and/or industrial quarters on the 





spurs and terraces, one of the most important questions to be answered is 





the apparently distinct, separate role played by the workshops along the 
slopes of the Kestel mine and the linkage between them and the workshops 
‘on Goltepe. Possible interpretations for this distinction are: a) a separate 
ind settlement at Galtepe with industrial sectors for fine dressing 
g of metal; b) a separate ceremoni ed in Area B; c) a 
nt and heavy-crushing workshops at Kestel; d) a 
ger site on the lower slopes 








year-ra 





and casts sector loc 











commercial sector or trading harbor at the l 





near the mountain passes, 
Taking the organization of the industrial complex as a whole and 
ing the activities of Kestel and Goltepe, as presently understood, 





inte 





Kestel mine was originally in operation around 3,000 B.C., probably as an 





‘open pit mine. In the early EBI/I, the mine was expanded into shaft and 
gallery systems, work stations were set up outside the mine entrance, and 
Giltepe was settled. Goltepe grew into a (possibly) substantial walled 
town and tin processing workshop site near the middle of the third 
millennium or Early Bronze Il, at the same 
y used in Anatolia and its use was becoming more widespread 





¢ that bronze was becoming 











in Syria and Mesopotamia, The sett id the mine attained their 


this period and the early part of the EB III period. At 






largest extent durin 
this time, these sites were one of a number of ce 
and that may have controlled both the 
the pre. 


that lined the strategic 





passes through the Taun 





resources, the production, and the intermontane traffic dui 





Akkadian period. Kestel mine may have continued its existence into the 
early second millennium B.C., as indicated by ceramics. 
I is appas 





ent that the entire site of Goltepe was occupied during the 
same period (with at least two distinet occupational phases everywhere)— 
the early/mid-third and mid/late-third millennium B.C. There is no 





er occupation or disturbance from either 
wrenches, The area enclosed by the circuit 


definite evidence for earlier or ta 











wall suggests that all sectors were part of a single settlement rather than 
smaller settlements. The remains of a larger 
al quarters on the spurs and 





complementary and alternatin 





public building with domestic and/or indust 
terraces of BOS suggest that tin processing occurred both in the larger units 
as well as within the smaller pithouse structures along the southern summit 
in Area A. 

Clearly tin processing was the 
from the quantities, was produce 
present the instrume 











pecial function of Goltepe and, to judge 
on a large scale. The next chapter will 
‘analyses of the various crucibles, ore and slag 
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powders, and other metallurgical residues. These have been used as a frame 
of reference in an attempt to recreate the production technologies through 
several smelting experim This in turn will hopefully provide 
important clues to the organization of the production industry, The 
habitation/workshop site of Goltepe was a first-tier, industrial operation 
focused specifically on processing tin ore. ‘The ore was then transported 
elsewhere, presumably to a second-tier, lowland, urban workshop as yet not 
identified,"! for the next stage of processing which was alloying and 
casting it into a diversity of artifacts. Although the production model at 
Goltepe and Kestel can be typified as a cottage industry, nevertheless, these 
mining/processing sites have yielded substantial evidence that the output 
was quite la 


The results of lead isotope analy silver helmet of the Amioq 
pase G male figurine and a dagger from pha enval Taurus as the soure 
the lead, Equally intriguing are several silver f fom Middle Bronze Age 
Acemhdyak located in central Anatolia aso stem from the Taurus. ‘This suggests tht the 
lowland wodtshops were loaled in a oumbes see Vener etal, 1991 
Sayre etal. 19% 























CHAPTER FOUR 


THE PRODUCTION OF 





TIN 


he Smelting Process 





When excavations commenced at Goltepe ase of 


9 visible signs of smelting, such as 





the village of mine: 





investi 








which are generally produced when copper, silver and ira 
evident, Thus, assuming the site only functioned as a 








is smelted, we 
locus for habitation, and that the smelting site was located elsewhere at an 





as-yet unfound site, the in 


activities related to subsistence. Moreover, it was assu 





I excavation design targeted domestic 











housands of 





lag would be inaccessible under 





commonly known fist-sized 


tons of Ottoman silver smelting slag in the village of Gamardi four 





kilometers away (Yener ef al. 1991). ‘To add to the frustration 








recognizable vitrified and slay 








¢ low tin assays of Kestel mine increase 





site surface survey either. A 











skepticism about the actual metal produced 





boisterous literature and even e-mail, it was strikingly obvious that tin 
melting correlates in historical contexts elsewhere had to be researched first 
before proceeding further 
Consider the obstacles hampering initial attempts to understand the 
all evidence of tin 
in the historical 





in technolo 





nature gy in its formative periods. F 








ical research to date ani 








ogies. This type of 





documents available was on furnace-smelting tech 






bulk smelting s residues such as recognizable lumps of 





black glassy tin slag obsidian, Even a search through the 
massive resources available to the Smithsonian Institution to find a 


published photograph of tin slag produced only a few examples, and most 
of them from 19th century literature. The solution was a search by the 


1991, 1994), where tin slag and tin 





author in Cornwall itself (Ear 
smeltin 
in the Kestel area, But even in Cornwall, infor 
aps existed about the nature of 





ils and comparata to continue the search 





sites provided index fos 








jon about prehistoric tin 


smelting was limited and surprising 













prehistoric tin smelting (see urick 1987). Smelting ac 
part of the metallurgical repertoire 


in the literature 


crucibles had not been consi 








of tin production, and even 
Tylecote, Photos, and E 





t of crucible smel 





Moreover, the f ing 








‘not melting) was only just icceptance in th 
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even with better researched copper-based metallurgy 
Pigott et al. 1988, Zwicker 1989, Zwicker et al. 1985 

Thus the Géltepe finds, such as the diversity of metallurgical residue 
selective lumps of ore, different 
materials, and av 


(Tylecote 1974, 1987, 














les and colors of ground ore and ground 
sla 


fra 





hole spectrum of different crucibles and crucible 
zments, were hitherto unknowns. It was obvious that thes 








netallurgical 

resented important facets of the tin production operation, but 
id 

tized. As contradictory as this may sound, the 





residues re 








the production procedures 
ded to be syste 





cesses as they changed through time 





overabundance of metallurgical analyses widened the unknowns, resultin 
in the realizati 





nd 





that the nature of prehistoric tin smelting technology 
its resulting by-products clearly would have to be redefined. For example, 
had not been 








the importance or magnitude of ore preparation a 





id grindin 
recognized before, even though 50,000 groundstone tools were found on the 





surface of the site, The need for a powdery consistency as a prerequisite for 
etal preparation became apparent when 5,000 lithics with grinding 


surfaces continued to be unearthed from the excavated contexts, That these 





were vital components of a tool kit for ore dressing and separation of 





smelted metal from slag became clear when experimen 





al smelting 





replicated the method (sce below) and entrapped cassiterite was found by 
SEM in the g 
ed analytical pro 


ns of a many: 





finding surface of the stone tools. By me 








prong cam the chdine d'opératoire for producing tin was 





revealed, 


Ore Materials 





from Goltepe 


Start 
ultimately expanding inferences about the organizational strat 


with particul ries, the 





find categ 





alytical program was aimed at 
s of the 








tin industry. In order to conduct replication experiments. the 





gically relevant materials were first subjected to instrumental 





One of the categories of finds was ore lumps, nicknamed 
nodules, which had 





recovered in considerable amounts; these resemble 





the tin-rich hematite ore at Kestel and in fact actually turned out to be 
exactly that (Bromley 1992). Analyses of these nodules yielded hematite 
as the base constituent with an ge tin content of 2080 ppm (with a 








range from 0-14,300 ppm), nearly three times the average remaining today 
at Kestel mine (Table 6). Analysis of one hematite nodule sample revealed 
that it contained 1 ing that 
1, a very good gr 











least a 2% or higher ore 
de of ore (Earl 1994, Earl and 





mined originally 
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Orbal 1996, Yener et al. in press).! This demonstrated that only high-tin 
containing hematite was selectively transported from Kestel mine to 
Goltepe for processing (grinding) and smelting purposes. 

‘Another important category given extensive analyses was the various 





powdered materials found in floor assemblages, cups and large storage 
vessels, and middens (Earl and Ozbal 1996, Ozbal 1993). Sand-sized ruby. 
asily identifiable in samples vanned from powdered 








red cassiterite was 
materials. The colors of the powdered materials ranged from 
purple/burgundy, pink, black to beige. Cassiterite grains are easily 
separated by such manual means as a pan or a vanning shovel and very 





little water. Due to its high specific gravity, particles of tin separate out 
from the less dense magnetite, hematite, and quartz, ‘The reddish-colored 
cassiterite forms a high density “crown” located at the central curvature of 


tim, When the powdered materials were 





the vanning shovel near th 
vanned (concentrated) and the nodules were crushed and vanned, cassiterite 
nd/or 








again appeared as a distinct, reddish-colored head, These ground ore 





slag materials contained tin of different grades (0.3-1.8%) and have been 








fied as unprocessed powdered ore material, tailings from an ore 
concentration process, and remnants of pyrometallurgical processes (Table 
7), When enriched by vanning, the powders showed a tin enrichment by 


factor of 5.3 to 11,8; in sample 3842 for example, enrichment jumped tin 











content from 1.4% to 7.42 





The powders were further characterized and classified using x-ray 
fluorescence (XRF), electron probe X-ray microanalysis (EPMA), and X-ray 
ns et al. 1999). Nine powdered 





photoelectron spectroscopy (XPS) (A\ 
‘materials from middens, floors, fill, and 
(Table 8a). Tin contents ranged from 0.2 and 2.9% (Table 8b) with relative 





nside ceramic cups were analyzed 





abundances shown in Fig. 26. Next, analyses were conducted on the tin- 





containing particles from ¢ 





th powder sample to determine the form in 
which they occur (Table 9), Figure 27 shows the abundance of each particle 
soup and demonstrates that samples 1, 7, 6, and 3 contain predominantly 
SnO; particles, while the other five samples contain about S0% SnO, 








tin silicates and Fe-Sn-rich particles. XPS 
tin in samples 2, 4, and 9 (Table 10) 
(Plate 18) suggesting that heat had been applied and that some of the 
powdered materials found at Goltepe were ground slag with the tin metal 
netic, corroborating heat 


particles, the rest bein 
determined the presence of metal 














already removed. Other powders were m 
treatment to at least 600° € 








"Enel notes that any deposit of tn with gr 
and 0.2% has been and can be mine 


rom steam deposits with simple 





considered ich 0 


vanning. techniques 

















14 





(CHAPTER FOUR 





Pethaps the best indi 
was the undeniable incr 
the 
found at Goltepe, and fi 


ation of pro 
¢ of tin 


ssing aims at Kestel and Géltepe 





ontent in a flow p 





rn starting from 








les taken he hematite ore nodules 





ine, to samples from 





ally to samples of the multicolored ground and 






pulverized ore found st 
Tin-rich hematite was bei 
the oth 


ed in vessels and floors of pithouse structures. 


sd between the mine and the smelting 








crucible. None 0 ments 





wnalyzed showed this patterned 


increase. The lowest 





in a ground mate 





ial was analyzed in 





samples taken from the middens (garbage). Clearly tin had been extracted 
after heat osed of in dumps or garbage pits. The 


ly be 


and the dross dis 









presence of a metallic 





phase in these powders could ea 











notion is that smelting cassiterite with such 
purity is impossible, Analysis of the 
the 


A more cogent mistak 











me mn Goltepe has given substantial evidence th: 





iallurgical debris: 





nd 





ore was heated during processing because it is attracted to a magnet, 


therefore contains petite does not occur in the mine 





sugge ally induced by heating the 


hematite (Fe,0s) ore into magnetite (Fe,Q,). After grinding the ore, this 











transformation is easily achieved at $S0° C by roasting it inside a bowl 





pethaps one of the larger-format ceramic coursewares, The next stage would 





entail swirling the preheated powdered ore around in water, causing the 





magnetic iron to clump together and leave the cassiterite as a residue, a 








simple mag 


also possible to alloy high iron tin wit 


netic separation which would discard much of the iron, It is 





copper to make tin bronze 
Ellingham diagrams indicate 
s wh 


tit is difficult 





alloy copper with tin that 
nditions, Nevertheless, 











several successful exp 








duced bronze with varying low iron 





traces, which suggests possible, but in conditions that were 

obviously not at equilibrium (Yener et al. in press, Earl and Ozbal 1996), 
Another paradox cassiterite smelting products 

(Muhly ef af. 1991) of with the paucit 


smelting instead of fumace technology (Sharpe and Mittwede 1994) is that 








f debris resulting from crucible 








these processes do not result in great quantities of slag or other 
ical debris (Earl 1985, 1991, Earl and Gzbal 1996). While it is 
recognized that cassiterite alone will smelt directly in a crucible, it is less 





known that such a process requires reduction by carbon-rich gases and 


would generate little slag. ‘The exact sane situation exists in Fenan where 








it is only in the Early Bronze II/III period, when self-flux 





arly ing copper 


silicates which occur with magnesium oxides were used, that larger sla 





leposits are 





nd (A. Hauptmann 1995) 
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‘The resulting tin metal prills (globules) encased in glassy slag were 
-ased by grinding with a lithic tool. The slag was thus in a powdery 
ible. Thus although ordinarily one would 





consistency and virtually inv 





expect to see discemible features of industri 
heaps, especially in a supposed specialized metal production function site 
the processes of smelting cass ible would produce hardly any 
slag. Furthermore, the minute quantities of vitrified m 

produced in the crucibles would be ground down to 
thus turing th 
and vitrified materials can be seen in trench profiles 
are found strewn on floors of houses, inside cups, stored in vessels, and 
indeed, several hundred thousand 
‘amardi, which has 





I production such as slag 





rite ina 





terials that were 





ase metal prills, 





products to powder as well, Horizons of finely ground ore 
all over Goltepe, and 








discarded in midden deposits. There are 
tons of slag located 6 km away in the nearest town, 
erroneously been used as evidence that silver smelting was U 
operation at Kestel (Sharpe and Mittwede 1994). Demonstrating how 








polymetallic the region is, those slag mounds are from the Bereketli Maden 
silver mining operations, which is also located at the Nigde Massif and 
have not been securely dated, although the upper deposits are from the 
ly interesting to test 





Ottoman period. In the future it would be exces 


the notion of special function sites oriented toward the production of silver 





‘and gold as well as copper-based products. 


Analysis of the Earthenware Crucible/Bow! Furnaces 





The most convincing evidence of tin production are the thousands of 


crucible fragments with tin-rich slag accretion and pyrotechnological 





features, Over a ton of vitrified earthenware ceramic fragments with 





bloated, sometimes vitrified inner surfaces, rich in tin, wei 
of tin production h 





for discounting the skepticisn re. However, during the 


1990 excavation season, before analyses revealed the tin-rich interiors, the 





function of the coarse ceramic fragments was unknown. With large tin slag 
chunks obtained from a Medieval tin smelting site in Crift Farm, Comwall 
tin slag by the survey teams in the vicinity 
es of the 








‘as comparisons, the search 
of Kestel continued seemin 
research. ‘The breakthrough c 





Jy without success in the early stag 
ne when 





of the ceramic 








lusive nature of the tin 
\d of the 


interior surfaces with a hand-held 
jiltepe—the glassy slag was in small particles. Inst 





slag at 
expected large-scale furnace products the inner surface of the coarse 
bowls contained millimeter-sized vitrified mate 














ons by a number 





These materials were subjected 
of laboratories. Initially only rim sherds were taken to be examined to 
ssel shape as well. On 








cenable reconstruction of the these ceramics were 
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recognized as being crucible/bowl furnaces, bases and body sherd samples 
broadened the sample size for instrumental analysis. Subsequent analytical 
programs targeted greater varieties in crucible morphology and find pla 

(Adriaens, Yener, and Adams 1999). Thin section, atomic absorption 
spectography (AAS), SIMS, and microprobe were used to coax out new 











data, Twenty-four crucible rit 
Conservation Analytical Labor 


fragments were initially analyzed at the 
jory. The following descriptions dra 








articles where greater details can be found (see Vandiver et al, 1992, 
Yener and Vandiver 1993a and b, Vandiver et al. 1993), 

Constructed from a coarse straw-and grit-tempered ware, the crucibles 
0 30-90% tin content, 








have vit 
Dur 
sizes, shapes, and wall thicknesses, The din 
ed heig 


5 were estimated at 20-50 cm, and the heig 





ied inner surfaces containing betw 
he 1993 season, crucibles were unearthed in a greater diversity of 
ensions are variable, but the 


wtaveraged 6.1 em; the 











thickness averaged 1,2 em, while the pre 






average diamet ht ranged from 





12 to 40 cm at the rims, some as small as 6 cm, Thinner fragme 





averaging 0.9 cm, were also found, leading to the conjecture that at least 

two functional types of crucibles were made and used (Fig. 24a-d). 

rucible fragments were built by adding slabs often with a strip 
ed th 








form the rims, Examples found in 1993 indica 





were also reused and that some examples had been refettered, All shared 
wuishable features as a reduced, hard, and probably high-fired 
softer, lower-fired, and red or oxidized 








gray inner surface and a muc 












exterior surface, These characteristics differentiated these fragments from 





coarse ware cooking pots which are usually harder and reduced on the 
exterior, Rare examples did not have gray interiors and were either unused 
crucibles or may have been used to roast the ore in preparation for 
fb 

sible by microscope. The function of chaff temp 


separation. Impressio mt chaff that had been added to the clay were 





was well understood 





by the crucible makers since some crucible fragments did not have chaff 








temper in their inner layers. Closed pores provide good insulation and 


tempered ceramics with low porosity give 





thermal properties, whereas san 








table, slag 
combined the features of a sand-tempered inne 
oduct. The smoothed, f 
also prevented metallic prills 


istant refractories. The Gdltepe crucibles/bow! furnaces 
layer and a chaff-tempered 
ely laid inner clay surface 
o the fabric of the crucible, a 
he smelting experiments. 
variations 





outer layer into one 





from escaping 





point which became vividly apy 





al or chronological differences may underlie the 
is. Some may have functioned as a lid or 


Function 
cerucibl 









superstructure, although the 1993 excavation uncovered covers made from 


flat slabs of 





ne in Pithouse 15. In other examples where the ceramic 
id, reduced, and bloated, a func 





surface is over fi 1 as a crucible is more 
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likely. Slag is rarely present in quantities greater than a cubic millimeter, 


which is understandable in cassiterite crucible smelting. In fact even at 





Cornwall, in the entire span of tin smelting with furnaces, the greatest 


volume of slag left today is negligible (Earl 1991). No microscopic 





evidence of grinding or chippin; 
Intentional breaking may be indi 
fragments of nearly the same size (2.5 to 4 em thick; about 6 em maximum 
diameter). It is also highly possible that diffe 


of slag from the surface was found. 
ited by the presence of so many thick 





nt vessel sizes are 
indicative of the different stages within the smelting process. That is, in a 
repetitive smelting procedure, crucible size would diminish as the product 
became more refined, the last stage being a small-scale crucible to melt the 
metal. An alternative suj 

Kestel mine warranted the smelting of larger and larger amounts of ore 





estion is that the diminishing grade of ore 





using larger and larger crucibles. Variations due to chronological factors 


bet 











‘ame immediately apparent when a cache of discarded crucible fragments 


¢ pits in Area E. A midden 





was recovered from one of the 
containing thousands of crucible fragments of the larger variety (20-50 cm) 





and a ed material (30 kilos were taken for analysis) 
were unearthed (Fig. 25). In 


smaller diameters (12-15 em) were found, su 


it amount of powd 






midden, crucibles with 
that the size of 


a pit underlyis 





gesti 





crucibles increased over time. 
Variations in firing temperature were evi 





nt in the microscopic 
characteristics of the crucibles. A polished cross-section of the bloated, 
blackened interior layer was viewed with scan 
(SEM) and showed the exter 
1OAs upper) 
Vandiver 19934: Fig, 10A: lower), A section of 
articles and rounded pores (Yener and Vandiver 1993a: 


g electron microscopy 








ce (Yener and Vandiver 1993a: Fig. 





nd more friable, lower-fired, brown ceramic layer (Yener and 








ie higher-fired surface 





layer had fused 





Fig. 11), ‘The pores gave a glassy appearance and were produced by 
By contrast, the low 





bloating during firing at relative 
fired ceramic exterior (Yener and Vandiver 1993a: Fig. 12) showed pores 





with irre 

Nondestructive X-Ray Fluorescence (XRF) pro 
h crucible fragment. Elemental tin was 
thsonian crucibles but not 





ular interiors and fine, clay particles between 








sd elemental analysis 


of the interior and exterior of ea 





etior surface of 21 of the Sn 





detected on the 
on any of the exterior surfaces. Iron and cal 





m were the other major 





se, strontium, and 





elements present, potassium, titanium, mang 





rubidium w sent in minor 


amounts (approximately hundi 





usually present, and arsenic was often pr 
sdihs of a percent). Copper was found in 
24), a crucible with an atypical texture and 





only one analysis (crucibl 
composition. Arsenic oxi 
case, the atypical crucible no. 24, a rel 






Je was found on half of the crucibles. In one 


vely high conce 








stration of about 2. 
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5% As was found in certain areas, The other samples contained only parts 
per hundred arsenic. On three examples arsenic was found on the outsides 
s of the crucibles; on one, it was found both on the 


but not on the inside 
outside and inside. On four it was found on the interiors only. Variable 
amounts of arsenic can be explained as arsenic that was deposited during 
the vapor phase. It is possible that arsenic was part of the composition of 
the original ore 
lower the melting point 

Separate analyses using SEM and EDS (Tracor Northern Energy 














(now gone) in Kestel or that it was intentionally added to 














X-Ray system 1700) con 





Dispersive porated the presence of tin on the 
inner surface of the crucibles as well. ‘The interior surfaces were compared 
with the exteriors and with the soil in which they were buried. Elemental 
identification of fine particles by EDS showed tin and calcium present as 
the major elements with silicon, aluminum, iron, and titanium present in 
minor concentrations (Yener and Vandiver 1993a: Fig. 14). No tin- 












containing particles were found on the exteriors of the crucibles or in the 
ring temperature of the crucibles was estimated empirically by 
refiring five crucible fragments to 700, 800, 900, 1000, and 1100° C, 
followed by microscopic comparison of the variation. At 10S0° C the 
fragments changed color to a glassy, reddish brown found in only a few of 
the crucibles which did not have a gray interior surface, At 100° C 





soil. The 





bloating occured, producing pores much larger than any of those found in 
the crucibles. Thus 1000? C was estimated as an upper limit for the 
original firing. The 
crucible exter 

800° C. The crucibles were possibly set in the ground durin 


ree of rounding of the particles and pores on the 
ity to firing temperatures of 700 to 
the smelting 
ed from the 











rs showed grea 











‘operation in order to maintain lower temperatures, This is ink 
oxidized surfaces generally found on the exteriors. Furthermore, the 
crucibles were probably not prefired and then used for tin smelting, but 
rather, were fired for the first time with the tin ore charge in place (Yener 
and Vandiver 1993a). 

Recent atomic absorption analyses of t 











e crucible fragments support the 
earlier Smithsonian results with vitrified examples containing up to a 4% 
tin content, Four of the new samples of crucible fragments tested yielded 
tin content above 1% (1.009%, 2.09%, 2.21%, and 3.65%), a five-fold 
inctease relative to the powders. This is also verified by a series of 
analyses using microprobe and Secondary Ion Mass Spectrometer (SIMS) at 
the University of Chicago and Antwerp (Adriaens 1996, Adriaens, Yener, 
and Adams 1999, Adriaens et af. 1997). The results showed that the fabric 
ments of 











of the crucibles consisted mainly of aluminosilicates with fra 
quartz. and iron oxides. An accretion layer of calcium carbonate visible on 
most materials excavated at the site was due to the burial of the material in 
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limestone-rich soil and all of the ceramics at the site had this accretion 
Below the calcium carbonate layer, a layer of silicate material with 2-3% tin 


ent; itis represented by a bright band of several micrometer 





oxides is app: 
thickness in the backscattered electron image (Plate 12). Small inclusions 
with up to 40% tin oxides are from a different silicate phase. SIMS was 
3 section of the crucible fragment. The 








used for line seans across the 
bombarding ion beam was moved in distinct 10 micrometer steps across 





the sample, while acquir in peak is clea 
present at the interface of the ceramic material and 1 
f the 


crucible fragment from Pithouse 15 menti 





positional data, A 











calcium carbonate 





rucible fragment. The la 
ed above had not been fired, 


layer and therefore at the inner surf 








whether tin could also be 





based on visual observation. In order to exam 
found in unfired crucible surfaces, analyses were conducted on these as 


well. This would rule out the possibility that the presence of tin in the 





crucibles was part of the crucible production process. Indeed, even though 
floor, SEM-WDS and SIMS 


I in the 





tin-rich ground ore was strewn all over 





in at 3 red 





analyses could not demonstrate the presence 


crucibles (Adriaens, Yener, and Adams 1999). The house had burned down 





prior to the firing of the crucible smelt. 
still had remnants of a shiny, glassy, green 
SIMS analyses of 
matrix containing alkali 


One ceramic sampl 








aceretion (a few square he vitreous sample 








indicated it was mainly composed of a sili 
4 titanium (Adriaens et al, 





elements, ion, tin, aluminum, manganese, a 
1997). Two the matrix in 





backscattered 





pes of grains are apparent 
electron microprobe image (Plate 13), The equi: 
iron and tin oxides, with an average size of roughly 10 n 
uudinal-shaped 
ind can be up to 50 mm long. They are similar, but larger 








J quadrangular grains are 








es. These crystals are 





Lor 














05-2 mm wide 
than the SnO, crystals observed earlier in sub-mm droplets of accretion on 


crucibles analyzed at the Smithsonian Institution. The glassy accretion is 





es, oxides, and metals and, therefore 
ann 1982). Medieval tin 
alyzed with SIMS, SEM. 
mn (Adriaens 1996), 
jety of oxides w 





composed of a mixture of silic pet 





resembles a typical metallic tin slag (see Bach 





slag from Crift Farm in Cornwall, U.K. was 
WDS as a comparison to the Goltepe crucible accreti 
Similar silicates, longitudinal grains, and a similar v 












ved in the differes 





present. Some dissimilarities were obs: F 
materials and a metallic tin prill was observed, which had not been present 
wven the advanced Medieval 





in the crucibles, This is not surprising g 

smelting techniques at Crift Farm attained using a furnace. 
The crucible production model is therefore the following: to smelt 

cassiterite to metallic tin a temperature of 950° C at a par 

of 10(-14) atmospheres is needed. To smelt SnO to tin mi 








ial pressure 








oxy 
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involves a much higher temperature range of 1250-1540° C, but a lesser 
reduction of only 10(-6) to 10(-12) atmosphere. A partial pressure of 10(-4) 


can be maintained in a smoky hearth or updraft kiln. Copper smelting 





requires 10(-6) atm. The low-temperature processing parameters suggested 
by the Goltepe evidence implies that only the first process is possible. 
Special means were needed to use a low temperature for smelting and 
sducing atmosphere, Indeed, Géltepe yielded a 
partially coves le packed with a reducing fuel and crucibles which 
contained vegetal fiber which helped insulate and maintain the atmosphere 
and temperature, Reduction was achieved with a temperature between 800 
tures 700 to 800° C for exterior temperatures) 





achieving a highly 
od crucil 











and 1000° C (interior tempe 
for a relatively short duration of a few hours at most, during which time the 

small 
few microns, were precipitated (Yener 








raw materials sintered and did not entirely melt into a glass. Ve 








cassiterite crystals, on the order o' 


and Vandiver 1993a), 





‘The production model which was suggested by analyses of the crucibles 
includes a labor intensive, multistep, low-temperature process carried out 
between 800° and 1000° C. Processing involved intentionally producing 


tin metal by reduction firing of tin oxide in crucibles, with repeated 








The raw materials being 





grinding, 
processed in the crucibles consisted of tin oxide (cassiterite) with no copper 


shing, panning, and resmelting 


iron oxide, and charcoal as the 





‘res present, along with calcium carbonate 
reduction agent. The ore was dressed by grinding and was separated 
probably during a washing stage such as vanning using density differences, 
The next step entailed grinding the slag and the al trapped in the 
surface of the crucible, separating these. There was at I 
fF not several, in order to increase the size of the tin prills 
rowth of tin 








st one more 
smelting step, 
The high viscosity of the slag in which the 





ins occurred 
suggested that the smelting process was not very efficient. Increasing the 
Jomeration of these grains was probably the limiting factor in achieving 
jcted to be the 
icles and their separation from the slag. ‘This 
a low temperature of only 273-300° C 














high yields of tin. The fin 





I step in the process is pr 





Jlomeration of the tin p 
was achieved during a final firing 
at which point the tin metal would have been “sweated” out of the finely 











crushed slag. It is suggested that these production parame 
profoundly associated with the low-grade tin ores found at Kestel and 
Goltepe, and not with the formative period when assuredly higher grade 














possibly alluvial, deposits which are no longer detectable existed. The fact 
that the industry lasted for such a long time, and that a labor energy input, 
albeit difficult to understand in today’s standards, was sustained to produce 











‘on geological surveys. For details 
1995, Earl and Ozbal 1996, 





The price existence of alluvial deposit is tase 
see articles by Willies 1990, 1991, 1992. 1993, 198 
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tin should be ample indication of how valuable the alloying material was in 
the Early Bronze Age. In modern times only gold is equivalent to this. 


Smelting Experiments 





After analyzin, quantity of the metallurgical residues and by 
products of the smelting operations, the stage was set to experimentally 
recreate the smelting technol g the as the charge, 
Several replication experiments were conducted in conjunction with 
analytical programs to test the feasibility of the production model, the 
physical conditions required, and the expected end products, Tin metal was 
successfully smelted in 1992, 1993, and 1994, utilizing ground materials 
found in Early Bron 








low-grade tin 0 














contests at Galtepe, Great care was taken to use 
hat is, the material utilized to smelt tin metal by 





the archaeological ch: 
the crafismen in antiquity. Powdered materials found in one-handled cups 
and vessels as well as samples found deposited on the floor of the pithouse 








structures were selected for the experiments. These low-grade ores rather 
" 
conditions in place at the final pt 





n richer, commercial cassiterite samples were chosen to approximate 


stead of 








se of production at the sites, 
duplicating parameters of the posited, richer alluvial cassiterites. Since 


ting of tin existed prior to this 








very little information about crucible s 
investigation, the experiments soon provided hypothetical production 
stages and identified the expected archaeological data associated with each 
stage (Brooks and Yellen 1987, Kr 
ks to define direct relationships between human behavior and material 
culture, and the caveats were carefully noted (Binford 1987, Hodder 1987 
Kent 1990, Seymour and Schiffer 1987). 

To this end, a model was constructed for tin production steps at Gdltepe 
rom the 1990-1993 excavations and laboratory 





mer 1982). Experimental archaeology 











based on data g 
analyses of production debris. A total 





of four experiments were conducted 
by tin specialist Bryan Earl from Comwall, one in Cornwall, two in 
Turkey at Celaller village, and a fourth in Chicago at the courtyard of the 
Oriental Institute at the University of Chicago. These and other products 
were subsequently analyzed by atomic absorption spectography.> A vide 
camera documented these replication experiments. Each phase of the 
production process from mining to finished product was identified, its 
al implications 

















ments defined, and archaeological and mineralo; 








investigated. 
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ation experiment in 1992 determined the technique of 
producing tin metal in a home-made crucible (Yener and Vandiver 1993a, 
Yener 1994a) (Plate 


tin, taken from 








). Ground ore pow 
jals found in Early Bronze II/III pithouse 


round ore mat 





floors, was used as the experimental charge. ‘The first set of experimental 


crucibles were fabricated from local Celaller clays. Using a slab 








construction technique, three crucibles were made replicating some of the 
the actual archaeological crucibles, Enriched with 


a shovel) (Plate 15), the ore was 





sizes and technique 
er by vanni 











g (pa 








n placed in a homemade crucible made with local clay and chaff temper. 
The chi 

minutes of blowing through a single blowpipe, tin prills entrapped inside 
ed inside the crucible (Plate 16a and b), 


was placed in successive layers of charcoal and after twenty 








an envelop of glassy slag emer 








During this experime assy slag 





| prills (globules) encased in g 
were then released by grinding. The slag was thus in a powdery 
consistency and virtually invisible on survey unless microscale sampling 
methods were introduced. 

In subsequent experiments (Yener and Earl 1994, Earl and Ozbal 1996) 
the variables were altered considerably to determine the parameters of the 
process. Three separate qualities of charge were tested: a) a fine ground ore 


with relatively bigh tin content but unvannable because of iron 








contamination, b) ground ore as found in its original state without 
beneficiation with a vanning shovel, and c) a very small sample, enriched 
and placed into a microcrucible in a larger crucible imitating a bow! fumace 


and crucible. Other v 





jables during these tests were the use of 





simultaneous blow pipes (up to three) (Plate 17), using the crucible with or 





without jh three 





cover, and the nature of the fuel u 








blowpipes m: re so hot that it melted the metal blowpipe, and 
vitrified the mic 
C. Variati 


The use of comme 


pcrucible, Thi 





indicated a temperature in excess of 11007 
in the charcoal affected the success of the smelt tremendously, 





ial charcoal briquettes resulted in an unsuccessful smelt 





he smelt efficiently and 





in Cornwall, while wood charcoal comy 








resulted in tin metal prills (globules), The test run utilizing a 


microcrucible was info 





ative in providing information about crucible 
construction. Even though prills were produced, they penetrated the fabric 


of the microcrucible and were difficult to extract, unless the fabric was 





ground as well. This dramatically points out why the archaeological 
crucibles had a layer of dense, fine, well-levigated clay on the interior 


surface. The charge sample with high levels of iron that was not enriched 








fared poorly in vanning. 





is making sep 





The reconstruction of the Géltepe smelti then, is based 





the enormous 





principally on the lack of furnaces and ta 
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quantities of vitrified cru distinct appearance, the 
composition of the ores, the tin-rich accretion on the crucibles, and the 
ind part of our model rests on 






lative simplicity of the process. The se 
melted tin Was refined and melted 
ot-shaped molds for 








the hypothesis that the vast amount 
in “melting” crucibles and then cast into b: 
standardized ingots of tin metal. ‘The bar ingots produced in these molds 


id transporting for alloying either 





would have been suitable for measur 





alternative 





al the site or at the urban centers. A\ 
tin-rich smelted material could also have been transported, 

Having produced small, sand-sized globules of tin metal and small 
make a tin bronze using 


semi-processed, ground, 





amounts of slag, the next step was to attempt 
terial. This was accomplished at Comwall 





this experimentally smelted 
using the experimental tin prills which had been manufactured in Turkey 
While th 
mold in order to produce an i 
be to add the prill-iron mixture to mol 
tin produced in this manner would be rejected into a di 





tin in prill form could have been remelted and poured into a 
, the alternative for alloying copper would 








copper. The iron content of the 





88, producin 





good bronze, This was successfully attempted in experimental conditions, 
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CONCLUSIONS 





The principal aim of this book has been to de, 
Anatolian metal studies by tracing the development of complex metal 


jountains. A much clearer picture of the history 








w perspective on 


industries in the Taurus 





of the northern resource zones for Mesopotamia, Syria, and the Levant has 





emerged than was heretofore available. It is now evident, for e: 





ample, that 





neither the development of prestate polities nor tl 
urban centers in agriculturally fertile zones can be und 


led hight: 


wergence of complex 






stood in isolation. 
id 





Atiempts to control access to nes tal resources and acquire 


advanced technology systems have been the rationale for a number of 





hypotheses involving the formation of Mesopotamia-induced colonial 
outposts in the latter part of the fourth millennium B.C., the Uruk period, 
ly fourth 








and possibly earlier during the Ubaid period (late fifth-e: 
millennium). ‘This theme of acquisition and control is further reinforced by 
the third millennium legends involving the military intervention in 
Anatolia of the Akkadi 
any, of these intrusions remains 


wn kings Sargon and Naram-Sin. The magnitude, if 
ical 








yy unknown since the archaeolog 
history of the industrial sites located near the critical resources is only 





beginning to be determined. What appears likely is that Mesopotamian 


traders entered into an already co 





plex environment of shifting and 
competing relationships between Anatolian city-states and vassals, highland 
metal producers, and agricultural enclaves. It may be postulated that some 
id in a Syro-Mesopot 





were embed 








metal producers at tin an exchang 
pattern. However, a multitude of alternatives, intra-Anatolian and with the 
Mediterranean, Black Sea/Caucasus, and A 


economic relationships 


an regions, assured fluid 





Informa 





jon regarding one of the most important mining areas, the 


ating urb 





Taurus range, and metal workshops within recipro in sites in 





Anatolia has helped fill in some of the gaps by articulating the impact of 





these incipient industrial processes on the local highland populations and 


roduction systems and the development 





exchange pattems in metal. Loc 


of metallurgical technologies at sites in Anatolian resource centers were 





included in Chapter Two to determine whether they were in fact colonized 
exploited, and receptive. Attentic 
technological knowledge had germinated 
eastern Turkey, extending to the Caucasus, Balkans, and Iran. It is 
| and production styles had developed at 





was called to the fact that enviable 


id accumulated in central and 











apparent that a set of technol 
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Chalcolithic period sites such as Mersin, Degirmentepe, Norguntepe, the 
Amuq sites, Arslantepe, TUlintepe, and Tepecik prior to the arrival of 
Mesopotamian interests. Significantly, sophisticated copper-based metals 





and experimental alloys had appeared by the late Sth-4th millennium B.C, 
The production exploded in a vast array of alloys, stylistic types, 


decorations, and uses in pace with new outlets in Syro-Mesopotamia, 





Furthermore, metal absorbed the functions of prestige and power and 
economically significant within localized traditions prior to and 
jllennia B.C. Innovations in the physical 


becam 








during the late Sth through 3r 


anization of the copper smelting industry had already gone beyond 





trinket manufacture 

Similar innovative changes have been tangible in the realm of material 
science and metallurgy. For examj nplex two-piece molds for the 
nd development of 





casting g 
production of critical importance to this region. Especially important in 
this regard have been the metal workshops at Norguntepe and 


from which natu 





melting crucibles attest to a growi 








| draft furnaces for smelting copper on 





were recovered, Late Chalcolithie village sites in the eastern highlands 





such as Talintepe, Te 
slag which suggests the smelt 


ecik, and Arslantepe have all yielded quantities of 








g of sulfide and polymetallic ores. The 





arliest and most complete data sets for the study of alloying have been 


provided by the same sites, Degirmentepe and Mersin have yielded $1 





and artifacts, respectively, which document that arsenical bronzes were 
being made. Ternary bronzes, a combination of copper, arsenic, tin, or 
lead—pethaps as experimental alloys—, appear very early in Anatolia and 








continue to be used in the later periods. Occasionally examples of high 
zinc, antimony, or nickel levels have been found, perhaps a result of 
experimenting with polymetallic ores or impurities coming in through the 
use of flux. Arsenical copper (1% or higher As) was the first widely used 
alloy. Arsenic-rich copper objects of superior alloying dating to the 
Chalcolithic and Early Bronze Ages atte tation of richly 
colored, secondary sulfide ores. The impurities which 
Copper objects of the Sth millennium, indicate the widespread smelting of 
complex sulfide ores, surely an advance in metallurgy and specialization 
requiring skilled labor. ‘The nascent emergence of tin bronze has been 


to the ex 





n be measured in 





evident primarily in sites within the Amuq plain and Cilicia. In terms of 


administrative technology, D 
sophisticated distribution system usi 





tepe especially demonstrates a 





g record-keeping devices such 





seals. Both local and non-local styles in seals as well as sealings 
represented at this site attesting to the storage and distribution of products 
manufactured in the households. On the other hand, at the later site of 
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Arslantepe, the locus of econo 
seale public buildin 
While site-centered production was the focus for the Chalco 


inistrative functions was in larger 









thie period, 


by the early third millennium, special function in 
such as Géltepe and Kestel mine had appeared in the Taurus mountains, 


ustrial processing sites 





The wide range of metals, slags, vitrified products, and residues which were 
analyzed were part of the multistage metal production system. This data 
was utilized to recreate the technology of producing tin 


replication experiments outlined in Chapter Four. The contention that tin 














production is untenable in Anatolia has proven incorrect, The ton of tin: 





pe is assuredly testimony to that, The view 


ht into An 





rich vitrifed ceramics at Gol 








(lia (oF other 
hs, detailed 


that sophisticated metal technologies were bro\ 





highland resource areas) is also not correct. The iytical 





evidence has clearly increased the confidence one may have in the 
explanations offered. ‘Trace element analyses, microscopic research, 


me fatios, and microprobe, among 





allurgical cross sections, lead isotope 





other analytical techniques, have allowed us to define the physical 





properties of the metal industry. ‘Thus the mate 
sites of Goltepe and Kestel mine, discussed in Chapter Three, have been 
of the 


als from the production 





used inductively to give new insights into the unknown world 





technology and organization of specifically tin production. Placed within a 
wider cultural context, this technology is given new dimensions by 
ep 
a was an exceedingly complex 
at a multiplicity of metals 


extracted from these sources from the earliest periods, Complex 








attempts to localize technologies for other compar. oses. 






lu 
process, The central Taurus region bas shown 





The development of metallurgy in Anate 





organized, and metallurgically sophisticated industries became evident in 
-astem Taurus mountain regions. 








the Chalcolithic period in the central an 
Throughout most of their history, the low! 
Age entrepreneurs. Recent 





nds and highlands were 





interconnected by traders and Bronz 





cts have revealed that a regional 
iped in the Early Bronze Age, one 
res with the lowland markets. A 


investigations of these mining dis! 
procurement strategy was already devel 
which tied together the moun 
existed consisting of the sites which extracted 
ores, did the rough smelting, and cast the metal into ingots, and the urban 
centers which subsequently refined, crafied, and manufactured idiosyncratic 

















two-tiered production syster 








metal items in workshops. 

The work done in the central Taurus first-tier special-function sites has 
gone a long » tell ding the 
context and organization of metal production in the region. By closing a 
f metal production at a site within 
e source zones has become central to 





yy towards couchins 





nt questions 











significant gap in the understanding 
strategic metal zone, research in t 
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ive efforts seeking to pull together the growing 


In so doing, this investigation will 
ent of a litle-known region that was 
surely of fundamental importance to the entire ancient Near East 
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Fig. 2: a: Histogram of 


objects; b: histogram of arsenic content in tinless copper objects, Period 
rd; Period 3: late 3rd; Period 4: Middle Bronze Age. 
va, Frangipane, and Palmieri 1985: 128, Fig. 6 
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Fig. 4b: A temary diagram of the trace elements in the artifacts sug; 
that most were derived to a 





esser extent from oxides and sulfides. From 


1 1983: 643. 








Caneva and Palen 


Fig. 6; Topographical map of the Bolkardag region. B1. Yayvantepe; B2. 
Mahmutsekisi; B3. Aktas Tepe; B4, BULGARMADEN Inscription; BS. 
Yediharmantepe-Kaltakbeleni workshops; B6. Sulucadere Mines; B7 
Madenkby; B8. Yeselli, Kiigik Toyislam, K.H. Mines; B9. Cingenctepe 
BIO. Karyayla Tepe; Bll. Bakirtepe Mines; B12. Kalkankaya Mevkii; BI. 
Gtimug Mevkii; BI4, Gams Yayla; BIS. han Yayla; B16. Gimuskdy; 
BI7, Egercinin Délegi Mevkii; B18. Catal Agai-Haram Bogazi-Mezarin 
‘Tepe cemetaries; B19 Katrgedigi site; B20, Pancarci Kale; B21. Geyik 
Pinar Kale; B22. Kocanin Cami Grave; B23. Tabakli Kale; B24. 
Karagiimdg Mevkii; B25. Tavganin Yeri Mevkii; B26. Garyanin Tai Tepe 
B27 Solagin Yeri Mevkii; B28. Tekne Gukur Tepe; B29. Géjceli Mevkii 
B30. C. and D. Galleries, D-5 Mine, Orta Mine; B31. Okiizg6nii Mines; 
B32. Kuziltepe, Bistirgan, and Gavurlar Yurdu Mines; B33. Katirgedigi 
Kuzeyi Mines; B34. Korucuk and Selamsizlar Mines; B35. Sulucadere site; 
B36. Darbogaz Mevkii; B37. Sulu Magara and Kara Magara Mines. 
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Fig. 8: 


Distribution of sites in the 
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Fig. 9: Kestel mine slope (Santuzla) workshop and mine entrances. 1988 Survey 
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Fig. 16: Plan of Mortuary chamber, Kestel mine 
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Fig. 17: Groundstone tool distribution map. Goltepe survey 
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Fig. 18: Summit map of Géltepe 
































Fig. 19: Excavation trench map. Géltepe 
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Fig. 20: Ceramic molds for a flat ax and chisel. Géltepe, Early Bronze 








204 FIGURES 





Fig. 21; Pithouse structures 6 and 15, Géltepe, Early Bronze Age 
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Fig. 22: Structures BOS and BO6 in Area B. Gdltepe, Early Bronze Age 
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Fig. 23: Silver necklace. Area B. Géltepe, Early Bronze Age 
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Fig. 25: Plan of Area E showing midden deposits 
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Plate 5a: Chamber V1 Kestel Mine 











Plate 6b: Chamber VI, Sounding 2, dark burnished ware 
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Plate 12: Tin x-ray map of Crucible MRN 537 crosesection, SIMS, Micke 
Adriaens. 








Plate 18: Microprobe image of glasy crucible acer 
Chicago. 
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Fe-Sn crystals ~ Sn crystal 
$n02 198 182 (17.1 152 134130975 
Cao 0.09 0.06 © 0.06 166 168 = 17.2 0.38 
MgO 290 293 © 207 181 1.90 1820.28 
‘Ai203 269 250 231 583 6i =588 = 0.61 
sio2 Cr a) 927 926 (339 1.01 
Nazo 00 8600 © 00 105 1.05 097 0.10 
K20 0.02 0.01 0.01 288 257 270 0.25 
FeO nO 17 24 7 ae 2.02 
Total 941 933 973 98.1 98.7 = 102.1 
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Plate 16a: Tin metal prill from expe 
materials, Experime 





Plate 16h: Glasy slag envelope from which the tin metal prill was released 
‘upon grinding. Experimental smelt. 





Plate 18: XPS metallic tin from powdery ore material, Galtepe, Early Bronze Age 
Micke Adrisens 
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